Left ventricular hypertrophy, treadmill tests, and 24-hour blood pressure in pediatric transplant patients  by Matteucci, Maria Chiara et al.
Kidney International, Vol. 56 (1999), pp. 1566–1570
Left ventricular hypertrophy, treadmill tests, and 24-hour
blood pressure in pediatric transplant patients
MARIA CHIARA MATTEUCCI, UGO GIORDANO, ARMANDO CALZOLARI, ATTILIO TURCHETTA,
ANTONELLA SANTILLI, and GIANFRANCO RIZZONI
Department of Pediatric Nephrology and Department of Pediatric Cardiology, Bambino Gesu` Children Research Hospital,
Rome, Italy
Left ventricular hypertrophy, treadmill tests, and 24-hour blood Because of the development of ambulatory blood
pressure in pediatric transplant patients. pressure-monitoring (ABPM) devices, single blood pres-
Background. Hypertension and left ventricular hypertrophy sure (BP) measurements do not need to be considered(LVH) are possible complications in pediatric patients after
as representative of the average daily BP; ABPM is nowrenal transplantation.
accepted as the method of choice for evaluating and moni-Methods. We performed left ventricular echocardiography,
24-hour ambulatory blood pressure monitoring (24-hr ABPM), toring HTN in both adults and pediatric patients [5, 6].
and treadmill tests in 28 pediatric renal transplant patients These studies have also established a clear relationship
(mean age 16.1 6 3.7; time since transplantation 36 6 23 between LVH and HTN when measured by ABPM [7].months). Left ventricular mass (LVM) was indexed for height2.7.
In addition, BP measurement during the treadmill ex-Results. LVH was found in 82% of the patients. Seven of
ercise test has been shown to be an accurate and noninva-these patients were normotensive by 24-hour ABPM, but five
patients showed a hypertensive systolic BP response during sive tool for the early diagnosis of HTN with high pre-
the treadmill test. LVM/height2.7 correlated significantly with dictive value for the development of LVH [8]. In
the mean 24-hour systolic BP (P 5 0.002) and with the maximal particular, an abnormal BP increase during exercise hasexercise systolic BP (P 5 0.002).
been shown in apparently healthy, normotensive menConclusion. LVH is frequent in pediatric renal transplant
with LVH [9].patients. More information is needed with respect to the risk
for LVH, including data from 24-hour ABPM and treadmill Similarly, in a previous study we have observed abnor-
testing. mal hypertensive responses during treadmill testing in
normotensive transplanted children and adolescents
[10]; however, no data are available on the significance of
During the past few decades, kidney transplantation abnormally increased systolic BP during exercise testing
has significantly improved the life expectancy and quality associated with LVH in renal transplanted pediatric and/
of life of pediatric renal patients. Kidney transplantation, or adult patients.
however, is associated with a number of chronic condi- The purpose of this study was to evaluate the correla-
tions that are responsible for significant morbidity. After tion between systolic BP during a treadmill test, 24-hour
successful renal transplantation, some of these patients ABPM, and changes in left ventricular mass (LVM) in
remain or become hypertensive [1]. Hypertension (HTN) a group of children and adolescents with renal trans-
associated with left ventricular hypertrophy (LVH) has plantation.
been identified as a major cardiovascular risk factor for
adults [2–4]. Therefore, early identification of subjects
METHODSat risk of developing sustained arterial HTN and/or LVH
should be a major goal of a post-transplant rehabilitation Admission criteria
program. Patients were enrolled according to the following crite-
ria: age of more than six years, transplant performed at
least six months prior to the beginning of the study,Key words: ambulatory blood pressure, pediatric renal transplantation,
transplant morbidity, hypertension, cardiac hypertrophy. creatinine clearance consistently greater than 40 ml/min/
1.73 m2, and the absence of clinical and sonographicReceived for publication July 9, 1998
evidence of renal artery stenosis, hyperparathyroidism,and in revised form May 11, 1999
Accepted for publication May 18, 1999 or anemia. Patients with orthopedic limitations or diabe-
tes were excluded from the study. 1999 by the International Society of Nephrology
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Table 1. Twenty-four hour ambulatory blood pressure monitoringBlood pressure
(ABPM), exercise testing and echocardiographic results
Blood pressure profiles were evaluated by 24-hour
Mean 6 sd Rangemonitoring using the Medilog ABP monitor (Oxford
24-Hour SBP mm Hg 119611 103–143Medical, Oxford, UK) [11]. The apparatus was serviced
24-Hour DBP mm Hg 69.9610 53–97
and calibrated on a monthly basis. BPs were measured dip SBP % 3.1 66 114/214
dip DBP % 12.3 610 117/238every 15 minutes during the daytime and every 30 min-
Exercise SBP mm Hg 147619 100–190utes during the night. Patients were asked to record their
LVM/height2.7 g/m2.7 65.6621 114–31.2
periods of activity and sleep during the recording. These
Abbreviations are: SBP, systolic blood pressure; DBP, diastolic blood pres-diary entries were used to define “daytime” and “night- sure; LVM, left ventricular mass.
time.” Antihypertensive treatment was not modified dur-
ing the month prior to the study or during the recordings.
Recordings containing more than 25% of erroneous
RESULTSmeasurements were excluded from the analysis. The fol-
lowing parameters were analyzed: mean 24-hour systolic The results of the 24-hour ABPM, exercise testing,
and diastolic BP, mean systolic and diastolic BP during and echocardiographic evaluation are shown in Table 1.
the daytime, the mean systolic and diastolic BP at night,
Patientsand the day-to-night fall in mean systolic and mean dia-
stolic BP. Twenty-eight renal transplant recipients (15 males and
Hypertension was defined as any value above the 95th 13 females) fulfilled the inclusion criteria for the study.
percentile, and borderline HTN was defined as any value The mean age was 16.1 years (sd 3.7, range 10 to 24).
between the 90th and 95th percentiles according to pre- The average interval since transplantation was 36 months
viously published normal standards for 24-hour ambula- (sd 23, range 7 to 86). The mean creatinine clearance
tory BP values in children [12]. HTN was confirmed by was 76 ml/min/1.73 m2 (sd 31.7, range 40 to 149).
repeated 24-hour monitoring. All transplant recipients received immunosuppressive
treatment with cyclosporine A, prednisone, and azathio-
Echocardiography prine. The dosage of cyclosporine was adjusted to main-
Left ventricular echocardiography was performed with tain trough levels between 250 and 350 ng/ml. Prednisone
a two-dimensional and M-mode echo by a standard tech- and azathioprine dosage were 7.5 mg/m2/day and 1.5
nique with subjects in a supine position [13]. mg/kg/day, respectively. Fourteen patients underwent to
Measurements of internal left ventricular end-systolic bilateral nephrectomy before transplantation, and 10 of
and end-diastolic diameters, end-diastolic interventricu- them were still hypertensive after transplantation. Nine-
lar septal thickness, and end-diastolic posterior wall teen patients received calcium channel blockers. No
thickness were made according to the American Society other antihypertensive drugs were used.
of Echocardiography Criteria [14].
Blood pressure profilesLeft ventricular mass was estimated using the equation
reported by Devereux et al [15] and was indexed accord- Ten out of 28 patients were diagnosed as hypertensive
ing to the allometric regression equation using height2.7 based on a mean 24-hour systolic BP. Eight had night-
[16, 17]. time HTN with daytime BP in the upper quintile, and
two had combined daytime and nocturnal HTN. Four
Treadmill test patients had borderline HTN. The mean nocturnal dip
All subjects underwent a graded treadmill test until of systolic and diastolic BP was 3.1% (sd 5.9) and 10.4 (sd
exhaustion according to the protocol established by 12.3), respectively. Nine of 19 patients receiving calcium
Cumming et al [18]. BP during exercise was compared blockers were still hypertensive on 24-hour ABPM.
Their antihypertensive treatment was modified afterwith the reference values of a control group of 280
healthy children and adolescents, matched for gender, HTN was confirmed by a repeated 24-hour ABPM.
chronological age, and same stress level [19]. An abnor-
Treadmill testmally high systolic BP response was considered if it was
more than 2 sd of the control population and was con- During treadmill testing, 15 out of 28 patients had
firmed by a repeated procedure. abnormally high systolic BP (more than 2 sd above the
expected mean). Five of these 15 patients with exercise
Statistical analysis HTN were normotensive by 24-hour ABPM, and their
mean nocturnal systolic and diastolic BP dip was 6 andResults were analyzed by linear and multiple linear
regression techniques. The statistical package used was 16%, respectively. Eleven of 15 hypertensive patients at
the treadmill were treated with antihypertensive drugs,True Epistat (F.L. Gustafson, 5th edition, 1995).
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Fig. 1. Left ventricular mass (LVM) indexed for height2.7 (g/m2.7) versus
age. No significant correlation was found between LVM/Ht2.7 and age
of patients (N 5 28; P 5 0.08; r 5 0.332). All patients are represented Fig. 2. Left ventricular mass (LVM) indexed for height2.7 (g/m2.7) versus
as closed circles. mean 24-hour systolic blood pressure (SBP). The regression line is
shown. Values are expressed as sd. Symbols are: (s) normotensive
patients; (d) hypertensive patients. The line was drawn for all data
points (N 5 28; P 5 0.002; r 5 0.55).
and 10 of them, in spite of treatment, still were hyperten-
sive by 24-hour ABPM.
Left ventricular hypertrophy
The relationship between LVM indexed for height2.7
(g/m2.7; LVMi) and the age is shown in Figure 1. No
significant correlation between LVMi and age was found.
LVH was found in 82% of the patients (23 out of 28).
Seven of these patients with LVH were normotensive
by 24-hour ABPM. Five showed an exercise-induced
systolic BP higher than 2 sd above the expected mean,
and one had a systolic BP during the treadmill test at 2
sd. In all patients, the LVMi correlated significantly with
a mean 24-hour systolic BP (r 5 0.55, P 5 0.002; Fig. 2)
and with the maximal exercise systolic BP (r 5 0.55,
P 5 0.002; Fig. 3). LVMi was not significantly different
in the patients who underwent bilateral nephrectomy
Fig. 3. Left ventricular mass (LVM) indexed for height2.7 (g/m2.7) versusprior to transplantation. The association between LVMi,
exercise systolic blood pressure (SBP). The regression line is shown.mean 24-hour systolic BP, and exercise systolic BP was
Values are expressed as sd. Symbols are: (s) patients with normal
also explored by multiple linear regression, but the num- exercise SBP; (d) patients with a hypertensive exercise response. The
line was drawn for all data points (N 5 28; P 5 0.002; r 5 0.55).ber of patients examined was insufficient for analysis.
No correlation was found between LVMi and the mean
24-hour diastolic, nocturnal systolic and diastolic BP dip,
glomerular filtration rate, or time since transplantation
dren [20, 21]. In this study, LVH was found in 82% of(data not shown).
our renal transplant patients. A possible reason for these
differences is the relatively small number of patients
DISCUSSION examined in the studies. In our study, only 43% (10 out
of 23) of the patients with LVH were found hypertensiveLeft ventricular hypertrophy has been recognized as
by 24-hour ABPM. The remaining 56% (13 out of 23)a major risk factor for cardiovascular mortality in adults,
had a normal 24-hour BP pattern, but five showed hyper-but few data are available in renal pediatric transplant
tensive systolic BP response at the treadmill test. Thepatients. Loriat et al reported that 22% of transplanted
BP response during exercise testing has been reportedchildren had LVH [20], and more recently, Johnstone
to be closely associated with LVH in nonrenal patientset al showed a severe increase in LVM above the 95th
percentile in 63% of a group of renal transplanted chil- [22], and high exercise BP levels are strongly associated
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with important coronary risk factors [23]. The reasons from cyclosporine to azathioprine in kidney transplant
patients results in improved patient survival by loweringfor this association are poorly understood. In nonrenal
patients, overactivity of the sympathetic nervous system cardiovascular mortality [27]. In conclusion, our data
show that LVH is a frequent complication of renal trans-has been demonstrated in adults [24]. These authors
postulate that normotensive subjects with exaggerated plantation in pediatric patients. LVH is not always asso-
ciated with HTN even when evaluated by 24-hourBP response to exercise may have undiagnosed transient
BP increases during normal activities with resulting LVH ABPM, suggesting that other factors may contribute to
cardiac hypertrophy.development. Our data suggest that in renal transplant
patients, HTN may not be sufficient for the development More information is needed with respect to risk factors
for LVH, including the data that can be gathered fromof LVH. Most of the associations that we have made
cannot be determined to be causal because the measures ambulatory BP and treadmill testing, as well as all of
the factors discussed earlier in this article. Prospectivewere not performed prior to transplantation in a system-
atic fashion. No data are available on LVM before trans- long-term follow-up studies are required to determine
the significance of increased LVM in pediatric patientsplantation from patients reported by either Soergel et
al [5] and Johnstone et al [21]. We cannot exclude a pre- who progress from chronic renal failure to transplanta-
tion.existing LVH in our patients because previous echocar-
diographic data were not available, and chronic HTN
cannot be considered because not all patients had been ACKNOWLEDGMENTS
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